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Introduction

Ecuador registers around 95,000 confirmed cases and approximately 6,000 deaths, the
fourth largest number of cases and fourth largest in number of deaths per million people,
after Chile, Peru and Brazil.
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Figure 1: Location of Ecuador in South America (left), epidemiological curve in Ecuador
until August 10 (center) and accumulative deaths in Ecuador until August 10 (right) .

This study includes a multi-environment model to explore the effectiveness of the traffic
light monitoring system, “traffic lights” transportation restrictions, where the possible sce-
narios are best (with no inter provincial movement) and worst (with movement patterns
similar to before COVID-19 outbreak) case scenarios in Ecuador. We propose a Multi-
patch SEAIR model with Quarantine and Isolation compartments. This study focuses on
the spread of Covid-19 infections between eight provinces in Ecuador to study:
• The impact of the transportation restrictions in the number of secondary infections (Rc).
• To asses the impact of the “traffic-lights” policies in the most affected province of

Ecuador, until mid July, with limited and unlimited ICU beds (scenarios).

Methods

The model connects its patches, Ecuador’s provinces, via a parameter ψi,j that represents
the movement rate from province i to province j. These values are elements of a trans-
portation matrix, which was created from a network whose edges represent the flux of
transportation to and from several provinces.
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Figure 2: Transportation network of eight Ecuador provinces, namely Guayas, Manabı́, El
Oro, Santo Domingo, Los Rios, Sucumbı́os, Pichincha and Azuay,

The transportation process is described, for province i, by the function:

ψi,j =

 bp

Nc
, if j is connected to i
0, Otherwise

(1)

where

• ψi,j: Mobility rate from province i to j.
• b: Number of inter-provincial buses.
• p: Number of passengers per bus.

•N : Total population in province i.
• c: Number of direct connections.

We considered a SEAIR (Susceptible-Exposed-Asymptomatic-Infectious Symptomatic-
Recovered) type epidemic model with additional features such as closed population (i.e.,
N is constant) and presence of interventions such as quarantine (Q1, Q2, and Q3), home
isolation (Q4), hospital-isolation (H) and Intensive care unit (ICU, C) classes.

Si

<latexit sha1_base64="qbRsUo1hrAq25KrxenPhuJ/tChw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeiF4+V2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKzeZADMoVt+ouQNaJl5MK5GgMyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsOZnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1h6uK/XbPI4inME5XIIHN1CHe2hACxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gArwI2+</latexit>

�!2

<latexit sha1_base64="T8ZVK/i0VwUnYYlKusXBjzzaHA0=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoZbEInkpSKnosevFYwX5AE8JmM2mXbjZhdyPU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmBSlnStv2t1Xa2Nza3invVvb2Dw6rtaPjnkoySaFLE57IQUAUcCagq5nmMEglkDjg0A8mt3O//whSsUQ86GkKXkxGgkWMEm0kv1Z1Q+CaYDeJYUT8pl+r2w17AbxOnILUUYGOX/tyw4RmMQhNOVFq6Nip9nIiNaMcZhU3U5ASOiEjGBoqSAzKyxeHz/C5UUIcJdKU0Hih/p7ISazUNA5MZ0z0WK16c/E/b5jp6NrLmUgzDYIuF0UZxzrB8xRwyCRQzaeGECqZuRXTMZGEapNVxYTgrL68TnrNhtNqXN636u2bIo4yOkVn6AI56Aq10R3qoC6iKEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8ASf/ksU=</latexit>

�(1 � !2)

<latexit sha1_base64="FokTOMb/C2I3P1R3WMTF74BCo08=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpKUii6LblxWsA9oQphMbtuhkwczEyGE+ituXCji1g9x5984bbPQ1gMXDufcy733+AlnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRmngkKHxjwWfZ9I4CyCjmKKQz8RQEKfQ8+f3M783iMIyeLoQWUJuCEZRWzIKFFa8syKEwBXBNfsCycOYUS8xrlnVq26NQdeJXZBqqhA2zO/nCCmaQiRopxIObCtRLk5EYpRDtOyk0pICJ2QEQw0jUgI0s3nx0/xmVYCPIyFrkjhufp7IiehlFno686QqLFc9mbif94gVcNrN2dRkiqI6GLRMOVYxXiWBA6YAKp4pgmhgulbMR0TQajSeZV1CPbyy6uk26jbzfrlfbPauiniKKETdIpqyEZXqIXuUBt1EEUZekav6M14Ml6Md+Nj0bpmFDMV9AfG5w/YF5Oc</latexit>

�(1 � !1)

<latexit sha1_base64="EuFV1mwUdIq97ocaF2f/XwDBxlw=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqwpJIRZdFNy4r2Ac0IUym03boPMLMRCmxn+LGhSJu/RJ3/o3TNgttPXDhcM693HtPnDCqjed9Oyura+sbm4Wt4vbO7t6+WzpoaZkqTJpYMqk6MdKEUUGahhpGOokiiMeMtOPRzdRvPxClqRT3ZpyQkKOBoH2KkbFS5JaCZEhhxT8LJCcDFPmnkVv2qt4McJn4OSmDHI3I/Qp6EqecCIMZ0rrre4kJM6QMxYxMikGqSYLwCA1I11KBONFhNjt9Ak+s0oN9qWwJA2fq74kMca3HPLadHJmhXvSm4n9eNzX9qzCjIkkNEXi+qJ8yaCSc5gB7VBFs2NgShBW1t0I8RAphY9Mq2hD8xZeXSeu86teqF3e1cv06j6MAjsAxqAAfXII6uAUN0AQYPIJn8ArenCfnxXl3PuatK04+cwj+wPn8AU3nkr4=</latexit>

�!1

<latexit sha1_base64="T98Hn8zP6tZX3x/t9iV/qIuOieA=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF48RzAOyS5iddJIh81hnZgNhyXd48aCIVz/Gm3/jJNmDJhY0FFXddHfFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNoUEVV7odEwOcSWhYZjm0Ew1ExBxa8ehu5rfGoA1T8tFOEogEGUjWZ5RYJ0VhMmQ4VAIGpBt0yxW/6s+BV0mQkwrKUe+Wv8KeoqkAaSknxnQCP7FRRrRllMO0FKYGEkJHZAAdRyURYKJsfvQUnzmlh/tKu5IWz9XfExkRxkxE7DoFsUOz7M3E/7xOavs3UcZkklqQdLGon3JsFZ4lgHtMA7V84gihmrlbMR0STah1OZVcCMHyy6ukeVENLqtXD5eV2m0eRxGdoFN0jgJ0jWroHtVRA1H0hJ7RK3rzxt6L9+59LFoLXj5zjP7A+/wBKX6Rtg==</latexit>

'

<latexit sha1_base64="MWbhNbIYeGOpABC7zLoY3fEnDEY=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2A9ol5JNs21oNhuSbKEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZeqAQ31vO+UWFjc2t7p7hb2ts/ODwqH5+0TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7H93O/PWHa8EQ+2aliQUyGkkecEuukdm9CtBrxfrniVb0F8Drxc1KBHI1++as3SGgaM2mpIMZ0fU/ZICPacirYrNRLDVOEjsmQdR2VJGYmyBbnzvCFUwY4SrQrafFC/T2RkdiYaRy6zpjYkVn15uJ/Xje10W2QcalSyyRdLopSgW2C57/jAdeMWjF1hFDN3a2Yjogm1LqESi4Ef/XlddK6qvq16vVjrVK/y+MowhmcwyX4cAN1eIAGNIHCGJ7hFd6QQi/oHX0sWwsonzmFP0CfP33ij64=</latexit>

✓

<latexit sha1_base64="jeMNMzS8PsU1FWkR24iA8gyofpY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6terlfa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/po+PMA==</latexit>

✓

<latexit sha1_base64="jeMNMzS8PsU1FWkR24iA8gyofpY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6terlfa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/po+PMA==</latexit>

✓

<latexit sha1_base64="jeMNMzS8PsU1FWkR24iA8gyofpY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6terlfa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/po+PMA==</latexit>

⌘

<latexit sha1_base64="5OH5Yik+VWjMdJ4a0VOPKM2jT54=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1m/erisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5Awt6jkA=</latexit>

⌘

<latexit sha1_base64="5OH5Yik+VWjMdJ4a0VOPKM2jT54=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1m/erisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5Awt6jkA=</latexit>

�f

<latexit sha1_base64="MljAg7s4b6zoU5QL7nhwQLh2K64=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSJcxOepMhsw9meoUQ8hFePCji1e/x5t84SfagiQUNRVU33V1BqqQh1/12CmvrG5tbxe3Szu7e/kH58KhpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbwehu5reeUBuZxI80TtGP+CCWoRScrNTqBkichb1yxa26c7BV4uWkAjnqvfJXt5+ILMKYhOLGdDw3JX/CNUmhcFrqZgZTLkZ8gB1LYx6h8Sfzc6fszCp9FibaVkxsrv6emPDImHEU2M6I09AsezPxP6+TUXjjT2ScZoSxWCwKM8UoYbPfWV9qFKTGlnChpb2ViSHXXJBNqGRD8JZfXiXNi6p3Wb16uKzUbvM4inACp3AOHlxDDe6hDg0QMIJneIU3J3VenHfnY9FacPKZY/gD5/MH33+PRg==</latexit>



<latexit sha1_base64="bsNApESQiB6ZrTaS3NEZD6hm0yc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgj0WvXisYD+gXUo2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5lqQltEcqm7ETaUM0FblllOu0pTnEScdqLJ7dzvPFFtmBQPdqpomOCRYDEj2Dqp3Z9gpfCgXPGr/gJonQQ5qUCO5qD81R9KkiZUWMKxMb3AVzbMsLaMcDor9VNDFSYTPKI9RwVOqAmzxbUzdOGUIYqldiUsWqi/JzKcGDNNIteZYDs2q95c/M/rpTauhxkTKrVUkOWiOOXISjR/HQ2ZpsTyqSOYaOZuRWSMNSbWBVRyIQSrL6+T9lU1qFXr97VK4yaPowhncA6XEMA1NOAOmtACAo/wDK/w5knvxXv3PpatBS+fOYU/8D5/AJm6jyo=</latexit>

� I
(1
�

q 2
)

<latexit sha1_base64="rK9W3m3AXUlXT+PqTmndf5xbxNY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahHixJKdhj0YveKtgPaEOYbLft0t0k7m4KJfSfePGgiFf/iTf/jds2B219MPB4b4aZeUHMmdKO823lNja3tnfyu4W9/YPDI/v4pKWiRBLaJBGPZCcARTkLaVMzzWknlhREwGk7GN/O/faESsWi8FFPY+oJGIZswAhoI/m23RuCEODf45J79eRXLn276JSdBfA6cTNSRBkavv3V60ckETTUhINSXdeJtZeC1IxwOiv0EkVjIGMY0q6hIQiqvHRx+QxfGKWPB5E0FWq8UH9PpCCUmorAdArQI7XqzcX/vG6iBzUvZWGcaBqS5aJBwrGO8DwG3GeSEs2nhgCRzNyKyQgkEG3CKpgQ3NWX10mrUnar5dpDtVi/yeLIozN0jkrIRdeoju5QAzURQRP0jF7Rm5VaL9a79bFszVnZzCn6A+vzB1bCki4=</latexit>

�Iq2

<latexit sha1_base64="0UXEiu9AJEMbHmyDc6jMrwE9F+I=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyWgj0Wveitgv2A7rLMptk2NMmuSVYopX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMi1LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjrJFKFtkvBE9SLQlDNJ24YZTnupoiAiTrvR+Gbud5+o0iyRD2aS0kDAULKYETBW8v0hCAHhHX4Ma2G54lbdBfA68XJSQTlaYfnLHyQkE1QawkHrvuemJpiCMoxwOiv5maYpkDEMad9SCYLqYLq4eYYvrDLAcaJsSYMX6u+JKQitJyKynQLMSK96c/E/r5+ZuBFMmUwzQyVZLoozjk2C5wHgAVOUGD6xBIhi9lZMRqCAGBtTyYbgrb68Tjq1qlevNu7rleZ1HkcRnaFzdIk8dIWa6Ba1UBsRlKJn9IrenMx5cd6dj2VrwclnTtEfOJ8/MWmRJg==</latexit>

�Iq2

<latexit sha1_base64="0UXEiu9AJEMbHmyDc6jMrwE9F+I=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyWgj0Wveitgv2A7rLMptk2NMmuSVYopX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMi1LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjrJFKFtkvBE9SLQlDNJ24YZTnupoiAiTrvR+Gbud5+o0iyRD2aS0kDAULKYETBW8v0hCAHhHX4Ma2G54lbdBfA68XJSQTlaYfnLHyQkE1QawkHrvuemJpiCMoxwOiv5maYpkDEMad9SCYLqYLq4eYYvrDLAcaJsSYMX6u+JKQitJyKynQLMSK96c/E/r5+ZuBFMmUwzQyVZLoozjk2C5wHgAVOUGD6xBIhi9lZMRqCAGBtTyYbgrb68Tjq1qlevNu7rleZ1HkcRnaFzdIk8dIWa6Ba1UBsRlKJn9IrenMx5cd6dj2VrwclnTtEfOJ8/MWmRJg==</latexit>

�I(1
� q2)

<latexit sha1_base64="rK9W3m3AXUlXT+PqTmndf5xbxNY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahHixJKdhj0YveKtgPaEOYbLft0t0k7m4KJfSfePGgiFf/iTf/jds2B219MPB4b4aZeUHMmdKO823lNja3tnfyu4W9/YPDI/v4pKWiRBLaJBGPZCcARTkLaVMzzWknlhREwGk7GN/O/faESsWi8FFPY+oJGIZswAhoI/m23RuCEODf45J79eRXLn276JSdBfA6cTNSRBkavv3V60ckETTUhINSXdeJtZeC1IxwOiv0EkVjIGMY0q6hIQiqvHRx+QxfGKWPB5E0FWq8UH9PpCCUmorAdArQI7XqzcX/vG6iBzUvZWGcaBqS5aJBwrGO8DwG3GeSEs2nhgCRzNyKyQgkEG3CKpgQ3NWX10mrUnar5dpDtVi/yeLIozN0jkrIRdeoju5QAzURQRP0jF7Rm5VaL9a79bFszVnZzCn6A+vzB1bCki4=</latexit>

�J

<latexit sha1_base64="+KXZEFxDcAbWMKnT60X8NgeRxz4=">AAACGHicbVDLTgIxFO3gC/E16tJNIyHBBThDSGRJdKOuMOGVwGTS6RRobGeGtmNCJnyGG3/FjQuNccvOv7HALBQ8SdOTc+5t7z1exKhUlvVtZDY2t7Z3sru5vf2DwyPz+KQtw1hg0sIhC0XXQ5IwGpCWooqRbiQI4h4jHe/xZu53noiQNAyaahIRh6NhQAcUI6Ul17ws9IeIc+TewaJdGruVEhy71Ytcoe+FzJcTrq+kOc2lVfeumbfK1gJwndgpyYMUDdec9f0Qx5wECjMkZc+2IuUkSCiKGdEPx5JECD+iIelpGiBOpJMsFpvCglZ8OAiFPoGCC/V3R4K4nM+oKzlSI7nqzcX/vF6sBjUnoUEUKxLg5UeDmEEVwnlK0KeCYMUmmiAsqJ4V4hESCCudZU6HYK+uvE7albJdLdceqvn6dRpHFpyBc1AENrgCdXALGqAFMHgGr+AdfBgvxpvxaXwtSzNG2nMK/sCY/QALhJ36</latexit>

'

<latexit sha1_base64="MWbhNbIYeGOpABC7zLoY3fEnDEY=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2A9ol5JNs21oNhuSbKEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZeqAQ31vO+UWFjc2t7p7hb2ts/ODwqH5+0TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7H93O/PWHa8EQ+2aliQUyGkkecEuukdm9CtBrxfrniVb0F8Drxc1KBHI1++as3SGgaM2mpIMZ0fU/ZICPacirYrNRLDVOEjsmQdR2VJGYmyBbnzvCFUwY4SrQrafFC/T2RkdiYaRy6zpjYkVn15uJ/Xje10W2QcalSyyRdLopSgW2C57/jAdeMWjF1hFDN3a2Yjogm1LqESi4Ef/XlddK6qvq16vVjrVK/y+MowhmcwyX4cAN1eIAGNIHCGJ7hFd6QQi/oHX0sWwsonzmFP0CfP33ij64=</latexit>

↵q1

<latexit sha1_base64="YpFGrUgnP0FGoUec3/4n5z3JSBE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeiF48V7Ae2oUy2m3bpZhN3N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2Z++4kpzWN5byYJ8yMcSh5yisZKDz0UyQjJY9/rlytu1Z2DrBIvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8GmpV6qWYJ0jEPWtVRixLSfzS+ekjOrDEgYK1vSkLn6eyLDSOtJFNjOCM1IL3sz8T+vm5qw5mdcJqlhki4WhakgJiaz98mAK0aNmFiCVHF7K6EjVEiNDalkQ/CWX14lrYuqd1mt3V1W6td5HEU4gVM4Bw+uoA630IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AOQekGw=</latexit>

↵(1 � q1)

<latexit sha1_base64="sWg42ETtkIso1TmuUBLExzWpN08=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiwbArAXMMevEYwTwgWUPvZDYZMvtwZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprvLiwVX2ra/rZXVtfWNzdxWfntnd2+/cHDYVFEiKWvQSESy7aFigoesobkWrB1LhoEnWMsbXU/91iOTikfhnR7HzA1wEHKfU9RGuu+iiIdISs75Q8856xWKdtmegSwTJyNFyFDvFb66/YgmAQs1FahUx7Fj7aYoNaeCTfLdRLEY6QgHrGNoiAFTbjq7ekJOjdInfiRNhZrM1N8TKQZKjQPPdAaoh2rRm4r/eZ1E+1U35WGcaBbS+SI/EURHZBoB6XPJqBZjQ5BKbm4ldIgSqTZB5U0IzuLLy6R5UXYq5eptpVi7yuLIwTGcQAkcuIQa3EAdGkBBwjO8wpv1ZL1Y79bHvHXFymaO4A+szx+O/pFD</latexit>

↵(1 � q1)

<latexit sha1_base64="sWg42ETtkIso1TmuUBLExzWpN08=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiwbArAXMMevEYwTwgWUPvZDYZMvtwZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprvLiwVX2ra/rZXVtfWNzdxWfntnd2+/cHDYVFEiKWvQSESy7aFigoesobkWrB1LhoEnWMsbXU/91iOTikfhnR7HzA1wEHKfU9RGuu+iiIdISs75Q8856xWKdtmegSwTJyNFyFDvFb66/YgmAQs1FahUx7Fj7aYoNaeCTfLdRLEY6QgHrGNoiAFTbjq7ekJOjdInfiRNhZrM1N8TKQZKjQPPdAaoh2rRm4r/eZ1E+1U35WGcaBbS+SI/EURHZBoB6XPJqBZjQ5BKbm4ldIgSqTZB5U0IzuLLy6R5UXYq5eptpVi7yuLIwTGcQAkcuIQa3EAdGkBBwjO8wpv1ZL1Y79bHvHXFymaO4A+szx+O/pFD</latexit>

↵q1

<latexit sha1_base64="YpFGrUgnP0FGoUec3/4n5z3JSBE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeiF48V7Ae2oUy2m3bpZhN3N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2Z++4kpzWN5byYJ8yMcSh5yisZKDz0UyQjJY9/rlytu1Z2DrBIvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8GmpV6qWYJ0jEPWtVRixLSfzS+ekjOrDEgYK1vSkLn6eyLDSOtJFNjOCM1IL3sz8T+vm5qw5mdcJqlhki4WhakgJiaz98mAK0aNmFiCVHF7K6EjVEiNDalkQ/CWX14lrYuqd1mt3V1W6td5HEU4gVM4Bw+uoA630IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AOQekGw=</latexit>

Ei

<latexit sha1_base64="eFY2fdXpr5m9j62866WDeZBrIp4=">AAAB73icbVBNS8NAEJ3Urxq/qh69LJaCp5JIoT0WRfBY0X5AG8Jmu2mXbjZxdyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBQlnSjvOt1XY2Nza3inu2nv7B4dHpeOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyfXc7z5RqVgsHvQ0oV6ER4KFjGBtpF7l3mf2jc/8UtmpOgugdeLmpAw5Wn7pazCMSRpRoQnHSvVdJ9FehqVmhNOZPUgVTTCZ4BHtGypwRJWXLe6doYpRhiiMpSmh0UL9PZHhSKlpFJjOCOuxWvXm4n9eP9Vhw8uYSFJNBVkuClOOdIzmz6Mhk5RoPjUEE8nMrYiMscREm4hsE4K7+vI66VxW3Vq1cVcrN6/yOIpwBudwAS7UoQm30II2EODwDK/wZj1aL9a79bFsLVj5zCn8gfX5A8ngjyw=</latexit>

Ai

<latexit sha1_base64="ROG6OtaWrV5p1FXfQDoCrr6Rzzo=">AAAB73icbVBNS8NAEJ3Urxq/qh69LJaCp5JIoT1WvXisaD+gDWGz3bRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgoQzpR3n2ypsbG5t7xR37b39g8Oj0vFJR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Gbud5+oVCwWD3qaUC/CI8FCRrA2Uq9y7zP7ymd+qexUnQXQOnFzUoYcLb/0NRjGJI2o0IRjpfquk2gvw1IzwunMHqSKJphM8Ij2DRU4osrLFvfOUMUoQxTG0pTQaKH+nshwpNQ0CkxnhPVYrXpz8T+vn+qw4WVMJKmmgiwXhSlHOkbz59GQSUo0nxqCiWTmVkTGWGKiTUS2CcFdfXmddC6rbq3auKuVm9d5HEU4g3O4ABfq0IRbaEEbCHB4hld4sx6tF+vd+li2Fqx85hT+wPr8AcPIjyg=</latexit>

Ii

<latexit sha1_base64="DfBnfdieFmUxt5stWbl3wRV1IlI=">AAAB73icbVBNS8NAEJ3Urxq/qh69LJaCp5JIoT0Wveitov2ANoTNdtMu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLOlHacb6uwsbm1vVPctff2Dw6PSscnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk+u5332iUrFYPOhpQr0IjwQLGcHaSL3Kvc/sW5/5pbJTdRZA68TNSRlytPzS12AYkzSiQhOOleq7TqK9DEvNCKcze5AqmmAywSPaN1TgiCovW9w7QxWjDFEYS1NCo4X6eyLDkVLTKDCdEdZjterNxf+8fqrDhpcxkaSaCrJcFKYc6RjNn0dDJinRfGoIJpKZWxEZY4mJNhHZJgR39eV10rmsurVq465Wbl7lcRThDM7hAlyoQxNuoAVtIMDhGV7hzXq0Xqx362PZWrDymVP4A+vzB8/4jzA=</latexit>

Di

<latexit sha1_base64="zlSqlwLgE3G1jGeeZMCF/vRnkC4=">AAAB73icbVBNS8NAEJ3Urxq/qh69LJaCp5JIoT0W9eCxov2ANoTNdtMu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLOlHacb6uwsbm1vVPctff2Dw6PSscnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk+u5332iUrFYPOhpQr0IjwQLGcHaSL3Kvc/sG5/5pbJTdRZA68TNSRlytPzS12AYkzSiQhOOleq7TqK9DEvNCKcze5AqmmAywSPaN1TgiCovW9w7QxWjDFEYS1NCo4X6eyLDkVLTKDCdEdZjterNxf+8fqrDhpcxkaSaCrJcFKYc6RjNn0dDJinRfGoIJpKZWxEZY4mJNhHZJgR39eV10rmsurVq465Wbl7lcRThDM7hAlyoQxNuoQVtIMDhGV7hzXq0Xqx362PZWrDymVP4A+vzB8hajys=</latexit>

Ci

<latexit sha1_base64="XZpU5prlqQJiZl5wBYnVRIrqxLM=">AAAB73icbVBNS8NAEJ3Urxq/qh69LJaCp5JIwR6LvXisaD+gDWGz3bRLN5t0dyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBQlnSjvOt1XY2t7Z3Svu2weHR8cnpdOzjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDSXPhd5+oVCwWj3qWUC/CI8FCRrA2Uq/y4DO76TO/VHaqzhJok7g5KUOOll/6GgxjkkZUaMKxUn3XSbSXYakZ4XRuD1JFE0wmeET7hgocUeVly3vnqGKUIQpjaUpotFR/T2Q4UmoWBaYzwnqs1r2F+J/XT3VY9zImklRTQVaLwpQjHaPF82jIJCWazwzBRDJzKyJjLDHRJiLbhOCuv7xJOtdVt1at39fKjds8jiJcwCVcgQs30IA7aEEbCHB4hld4s6bWi/VufaxaC1Y+cw5/YH3+AMbUjyo=</latexit>

Hi

<latexit sha1_base64="g58ywfpNjpJiybzcN2rKX0yJWS8=">AAAB73icbVBNS8NAEJ3Urxq/qh69LJaCp5JIwR6LXnqsaD+gDWGz3bRLN5t0dyOU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBQlnSjvOt1XY2t7Z3Svu2weHR8cnpdOzjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyd3C7z5RqVgsHvUsoV6ER4KFjGBtpF7lwWd202d+qexUnSXQJnFzUoYcLb/0NRjGJI2o0IRjpfquk2gvw1IzwuncHqSKJphM8Ij2DRU4osrLlvfOUcUoQxTG0pTQaKn+nshwpNQsCkxnhPVYrXsL8T+vn+qw7mVMJKmmgqwWhSlHOkaL59GQSUo0nxmCiWTmVkTGWGKiTUS2CcFdf3mTdK6rbq1av6+VG7d5HEW4gEu4AhduoAFNaEEbCHB4hld4s6bWi/VufaxaC1Y+cw5/YH3+AM5yjy8=</latexit>

Ri

<latexit sha1_base64="ILNLeCSdmm/Ff27E6SJpegWtNFE=">AAAB73icbVDLSsNAFL2prxpfVZduBkvBVUmk0C6LblzWRx/QhjCZTtqhk0mcmQgl9CfcuFDErb/jzr9x2mahrQcuHM65l3vvCRLOlHacb6uwsbm1vVPctff2Dw6PSscnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk+u5332iUrFYPOhpQr0IjwQLGcHaSL3Kvc/sO5/5pbJTdRZA68TNSRlytPzS12AYkzSiQhOOleq7TqK9DEvNCKcze5AqmmAywSPaN1TgiCovW9w7QxWjDFEYS1NCo4X6eyLDkVLTKDCdEdZjterNxf+8fqrDhpcxkaSaCrJcFKYc6RjNn0dDJinRfGoIJpKZWxEZY4mJNhHZJgR39eV10rmsurVq47ZWbl7lcRThDM7hAlyoQxNuoAVtIMDhGV7hzXq0Xqx362PZWrDymVP4A+vzB92ujzk=</latexit>

Qi
1

<latexit sha1_base64="G7ut7umrZeltcfTF6t0oXorUew8=">AAAB8XicbVBNS8NAEJ3Urxq/qh69LJaCp5JIwR6LXjy2aD+wjWGz3bRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgoQzpR3n2ypsbG5t7xR37b39g8Oj0vFJR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Gbud5+oVCwW93qaUC/CI8FCRrA20kPlzmd2y3cfmV8qO1VnAbRO3JyUIUfTL30NhjFJIyo04Vipvusk2suw1IxwOrMHqaIJJhM8on1DBY6o8rLFxTNUMcoQhbE0JTRaqL8nMhwpNY0C0xlhPVar3lz8z+unOqx7GRNJqqkgy0VhypGO0fx9NGSSEs2nhmAimbkVkTGWmGgTkm1CcFdfXiedy6pbq9ZbtXLjOo+jCGdwDhfgwhU04Baa0AYCAp7hFd4sZb1Y79bHsrVg5TOn8AfW5w8DnI/b</latexit>

Qi
2

<latexit sha1_base64="/gcJBAz4f6tTDnUL81c19v/Gl8Y=">AAAB8XicbVBNT8JAEJ3iF9Yv1KOXjYTEE2kJiRyJXjxCFDBCbbbLFjZst83u1oQ0/AsvHjTGq//Gm//GBXpQ8CWTvLw3k5l5QcKZ0o7zbRU2Nre2d4q79t7+weFR6fikq+JUEtohMY/lfYAV5UzQjmaa0/tEUhwFnPaCyfXc7z1RqVgs7vQ0oV6ER4KFjGBtpIfKrc/stl97ZH6p7FSdBdA6cXNShhwtv/Q1GMYkjajQhGOl+q6TaC/DUjPC6cwepIommEzwiPYNFTiiyssWF89QxShDFMbSlNBoof6eyHCk1DQKTGeE9VitenPxP6+f6rDhZUwkqaaCLBeFKUc6RvP30ZBJSjSfGoKJZOZWRMZYYqJNSLYJwV19eZ10a1W3Xm206+XmVR5HEc7gHC7AhUtowg20oAMEBDzDK7xZynqx3q2PZWvBymdO4Q+szx8FIo/c</latexit>

Qi
3

<latexit sha1_base64="t0AsJaHj6OiQvQPenULv6FBgvxY=">AAAB8XicbVBNS8NAEJ34WeNX1aOXxVLwVBIt2GPRi8cW7Qe2MWy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekHCmtON8W2vrG5tb24Ude3dv/+CweHTcVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvpn5nScqFYvFvZ4k1IvwULCQEayN9FC+85nd9C8fmV8sORVnDrRK3JyUIEfDL371BzFJIyo04Vipnusk2suw1IxwOrX7qaIJJmM8pD1DBY6o8rL5xVNUNsoAhbE0JTSaq78nMhwpNYkC0xlhPVLL3kz8z+ulOqx5GRNJqqkgi0VhypGO0ex9NGCSEs0nhmAimbkVkRGWmGgTkm1CcJdfXiXti4pbrdSa1VL9Oo+jAKdwBufgwhXU4RYa0AICAp7hFd4sZb1Y79bHonXNymdO4A+szx8GqI/d</latexit>

Qi
4

<latexit sha1_base64="dsdtrGN7OjurzqQ9+mhvHMU9Q6w=">AAAB8XicbVBNS8NAEJ3Urxq/qh69LJaCp5JIwR6LXjy2aD+wjWGz3bRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgoQzpR3n2ypsbG5t7xR37b39g8Oj0vFJR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Gbud5+oVCwW93qaUC/CI8FCRrA20kPlzmd2y689Mr9UdqrOAmiduDkpQ46mX/oaDGOSRlRowrFSfddJtJdhqRnhdGYPUkUTTCZ4RPuGChxR5WWLi2eoYpQhCmNpSmi0UH9PZDhSahoFpjPCeqxWvbn4n9dPdVj3MiaSVFNBlovClCMdo/n7aMgkJZpPDcFEMnMrImMsMdEmJNuE4K6+vE46l1W3Vq23auXGdR5HEc7gHC7AhStowC00oQ0EBDzDK7xZynqx3q2PZWvBymdO4Q+szx8ILo/e</latexit>

⇢Hi

<latexit sha1_base64="sv0kmILnBiud3KdZHl1IHFLJ4g0=">AAAB/XicbVDLSsNAFJ34rPEVHzs3g6XgqiRSsMuimy5btA9oY5hMJ+3QyUyYmQg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3njBhVGnX/bbW1jc2t7YLO/bu3v7BoXN03FYilZi0sGBCdkOkCKOctDTVjHQTSVAcMtIJxzczv/NApKKC3+lJQvwYDTmNKEbaSIFzWroNqF1qBpV7avflSMB6QAOn6JbdOeAq8XJSBDkagfPVHwicxoRrzJBSPc9NtJ8hqSlmZGr3U0UShMdoSHqGchQT5Wfz66ewZJQBjIQ0xTWcq78nMhQrNYlD0xkjPVLL3kz8z+ulOqr6GeVJqgnHi0VRyqAWcBYFHFBJsGYTQxCW1NwK8QhJhLUJzDYheMsvr5L2ZdmrlKvNSrF2ncdRAGfgHFwAD1yBGqiDBmgBDB7BM3gFb9aT9WK9Wx+L1jUrnzkBf2B9/gCtXpN3</latexit>

⇢Hi

<latexit sha1_base64="sv0kmILnBiud3KdZHl1IHFLJ4g0=">AAAB/XicbVDLSsNAFJ34rPEVHzs3g6XgqiRSsMuimy5btA9oY5hMJ+3QyUyYmQg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3njBhVGnX/bbW1jc2t7YLO/bu3v7BoXN03FYilZi0sGBCdkOkCKOctDTVjHQTSVAcMtIJxzczv/NApKKC3+lJQvwYDTmNKEbaSIFzWroNqF1qBpV7avflSMB6QAOn6JbdOeAq8XJSBDkagfPVHwicxoRrzJBSPc9NtJ8hqSlmZGr3U0UShMdoSHqGchQT5Wfz66ewZJQBjIQ0xTWcq78nMhQrNYlD0xkjPVLL3kz8z+ulOqr6GeVJqgnHi0VRyqAWcBYFHFBJsGYTQxCW1NwK8QhJhLUJzDYheMsvr5L2ZdmrlKvNSrF2ncdRAGfgHFwAD1yBGqiDBmgBDB7BM3gFb9aT9WK9Wx+L1jUrnzkBf2B9/gCtXpN3</latexit>

⇢Hi

<latexit sha1_base64="sv0kmILnBiud3KdZHl1IHFLJ4g0=">AAAB/XicbVDLSsNAFJ34rPEVHzs3g6XgqiRSsMuimy5btA9oY5hMJ+3QyUyYmQg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3njBhVGnX/bbW1jc2t7YLO/bu3v7BoXN03FYilZi0sGBCdkOkCKOctDTVjHQTSVAcMtIJxzczv/NApKKC3+lJQvwYDTmNKEbaSIFzWroNqF1qBpV7avflSMB6QAOn6JbdOeAq8XJSBDkagfPVHwicxoRrzJBSPc9NtJ8hqSlmZGr3U0UShMdoSHqGchQT5Wfz66ewZJQBjIQ0xTWcq78nMhQrNYlD0xkjPVLL3kz8z+ulOqr6GeVJqgnHi0VRyqAWcBYFHFBJsGYTQxCW1NwK8QhJhLUJzDYheMsvr5L2ZdmrlKvNSrF2ncdRAGfgHFwAD1yBGqiDBmgBDB7BM3gFb9aT9WK9Wx+L1jUrnzkBf2B9/gCtXpN3</latexit>

Figure 3: Schematic flow diagram for our model.

The force of infection, f , is a nonlinear term given by

f =
I + ε1A + ε1l1Q3 + l2Q4 + ε2l3H

S + E + A + I +R + l1Q + l2Q4 + l3H
,

where Q = Q1 + Q2 + Q3. Moreover, the parameters κ and ω1 capture limited resources
(limited number of ICU beds, C0) conditions in healthcare facilities and hence,

κ =

{
κ if C(t) < C0
0 if C(t) ≥ C0

ω1 =

{
ω1 if C(t) ≥ C0
0 if C(t) < C0

Results

The control reproduction number for the multi-patch model, R̂c, is given by

R̂c =
βε1η

(α1 − ψ̂)(η − ψ̂)
+

βη (1− q1)

(η − ψ̂)(γI + γJ + ϕ− ψ̂)
+

βηl2 (1− q1)

(η − ψ̂)(ϕ + γI)
· γJ

(γI + γJ + ϕ− ψ̂)
+

βε2l3 (1− q1) q2η

(α1 − ψ̂)(η − ψ̂)(κ + φ)
· γI
ϕ + γI

.

where

ψ̂ = Υ
n∑
j=1

ψi,j

such that R̂c > 0 and finite, ψi,j represents the mobility rates between provinces i and j
and Υ represents the restriction in the movement fixed by the lockdown public policies.
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Figure 4: Cumulative deaths without limited ICU beds (first row left), cumulative deaths
with limited ICU beds (first row right), fraction of population whose are infected (second
row left) and hospitalizations with limited ICU beds (second row right).

Conclusion

• The mobility restrictions (Υ) have a direct impact in the number of secondary infections.

• The traffic-light transportation restrictions is a public policies that can save thousands
of lives. It is more effective than having unlimited ICU beds.
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